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13.2 Wavelength-Division Multiplexers and Demultiplexers 
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We can also make NWDM and DWDM MUXs and DEMUXs using the FBT technique, 
but to do so two essential steps must be undertaken to fabricate good WDMs. First, manufac- 
turers have to reduce the relatively high polarization-dependent loss by carefully controlling 
the fabrication process. Secondly, to achieve high isolation between very closely spaced chan- 
nels, wavelength filters have to be added to the entire structure of the component [20]. These 
filters can be based on thin-film techniques or, as an alternative, fiber Bragg gratings can be 
used [21]. 

Another example of an all-fiber interferometric WDM coupler is a WDM MUX/DEMUX 
based on the unbalanced Mach-Zehnder interferometer. Such a structure is shown in Figure 13.9(c). 
(Also, see Figure 10.29.) In this case, not only the couplers themselves but the entire structure pro- 
vides excellent wavelength-division multiplexing/demultiplexing. Take, for example, the demulti- 
plexing of the two wavelengths shown in Figure 13.9(c). The first coupler splits the input signal 
equally and directs it along two paths having different lengths. The longer arm of the interferometer, 
having the additional length (AL), introduces an additional phase shift for both wavelengths. This 
phase shift can be calculated using the following formula (see references [6], and [7]): 

A6i = [2nn cff AL]/h = PAL, (^.25) 

where the propagation constant (p) is defined by Formula 13.23. The key point here is that a light 
wave acquires an additional phase shift and waves at different wavelengths traveling the same 
extra distance (AL) experience different phase shifts. At coupler 2, two beams at that have 
traveled different distances constructively interfere with each other. The result of this interfer- 
ence is that the maximum intensity of light at X } is directed along fiber 1. At the same time, at 
coupler 2, the interference of two beams at wavelength X^ results in directing fight at In along 
fiber 2. This is how wavelength-division multiplexing occurs. 

Consider the power of the signals at both wavelengths. In conjunction with Formulas 13.1 1 
and 13.12, we can write [7]: 

P 1 (^i)/^=cos 2 [Ae 1 /2] (13.26) 
/ > 2(^)/^=sin 2 [A9 2 /2] (13.27) 

Hence, making AGj = In n, where n is an integer, we can direct all the power at wavelength X x to 
output 1 ; on the other hand, making A9 2 = n m, where m is another integer, we can direct all the 
power at wavelength X 2 to output 2. Changing AGj = [2n n eff AL]/X t is simple: We just control the 
length (AL) of the additional arm. 

Since an interferometer is very sensitive to wavelength, the finesse of the wavelength divi- 
sion that can be achieved with this device is much better than what can be achieved with a sim- 
ple FBT coupler. 

Arrayed-waveguide-gratlng WDMs An arrayed-waveguide grating (AWG), also called a phased- 
arrayed waveguide (or phaser), is an interesting device. It is a kind of offshoot of a Mach- 
Zehnder interferometer but works like a diffraction grating. Its basic arrangement is shown in 
Figure 13.10. 

An AWG is usually fabricated as a planar structure. (See Figure 13.5[c].) It consists of 
input and output waveguides, input and output WDM couplers, and arrayed waveguides, as Fig- 
ure 13.10 shows. The length of any arrayed waveguide is distinguished from its adjacent wave : 
"guide by a constant AL Wavelength channels enter the AWG, where an input WDM coupler 
splits them equally among the arrayed waveguides. Each portion of the input light traveling 
through an arrayed waveguide includes all the wavelengths that have entered the device. Each 
wavelength, in turn, acquires an individual phase shift determined by Formula 13.25. In addition, 
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Figure 13.10 Arrayed-waveguide grating (AWG). 


each wavelength receives phase shifts at the input and output couplers. As a result, every portion 
bf light at a given wavelength acquires different phase shifts and all these portions interfere at the 
output coupler. The net result is a series, or set, of maximum light intensities. The direction of 
each maximum intensity depends on the wavelength. (From this standpoint, an AWG works 
L very much like a diffraction grating, which will be discussed shortly.) Thus, each wavelength is 
directed into an individual fiber at the output of the device. 

AWG MUXs and DEMUXs can combine and separate 48 channels (and more) and they 
provide multiplexing/demultiplexing of wavelength channels with spacing as low as 0.4 nm 
(50 GHz). Ail the other characteristics you will encounter in an AWG data sheet should be fa- 
miliar to you through your reading of Figure 13.3 and our discussion of Figure 13.8. 

Diffraction-grating WDMs A diffraction grating is a set of closely spaced slits. It can provide 
transmission or reflection of incident light. The distance between the slits (d) is called the grating 
pitch (period). 

Let's see how a diffraction grating works [22]. Figure 13. 11(a) describes the principle of 
operation of a transmission diffraction grating. 

Light from a light source (LED or LD) falls on the transmission diffraction grating as a 
plane wave. After passing through the individual grating slits, the light spreads in all directions. 
This is shown as a dotted semisphere in Figure 13.11. The interference of light with the same 
wavelength at the imaging plane (screen) results in a pattern of maximum and minimum inten- 
sity. The direction of the principal maximum intensity is given by 


where m = 0, ±1, ±2, ±3, and so on. It is obvious that Formula 13.28 holds true for any. wavelength. 

Let's consider the first-order principal maxima, that is, m = L Thus, for wavelength we 
obtain the following expression from Formula 13.28: 


which means that an individual wavelength has its principal maximum at a certain angle. In other 
words, the principal maxima of the different wavelengths are separated from one another by 
some angle. This is how a diffraction grating directs different wavelengths in different directions. 


dsmQ - mX, 


(13.28) 


sin0, = X f /rf, 


(13.29) 
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